Due to the rapid growth in world population, the pressure on water resources to feed the growing population is increasing. The Nile water share of Sudan is almost exploited; and agricultural production by rained water is threatened by the pressure of climate change. It is inevitable that the production per unit water consumed, the water productivity, must be increased to meet this challenge. This research therefore focuses on the benchmarking of physical water productivity in rain fed areas and gaining a better understanding of the temporal and spatial variations and the scope for possible improvement. A review of the available records and sources that provide measurements of crop-water productivity was consulted to assess plausible ranges of water productivity levels for rain fed Sorghum crop and to provide a first explanation for the differences that are found using AQUACROP model. As such this study may be considered as crucial step was to establish a water productivity database for the rain fed sorghum crop in the country. Sorghum (Sorghum bicolor (L.) Moench) which is the most important cereal crop in Sudan has been constrained by the detrimental effect of drought which has often caused food shortages. Almost 90% of the total sorghum cropped area is rain-fed, and 60% of that is in drought prone soil conditions. Spatial information on water use, crop production and water productivity will play a vital role for water managers to assess where scarce water resources are wasted and where in a given region the water productivity can be improved. Hence, a methodology has been developed in this study to quantify spatial variation of crop yield, evapotranspiration and water productivity using the AQUACROP model in five stations. The AQUACROP model is used to investigate optimum sowing date that result in maximization of grain yield.
Introduction
Climate variability has been identified as the major constraint to agricultural productivity in Sudan; and hence reducing the risk associated with climate variability has a high potential for increasing productivity in rain fed areas in the central clay plains of Sudan (Phillips et al., 1998) .
Despite contributing a large share of the annual grain output, rain fed production of rain fed sorghum in Sudan is largely unstable (Mhizha, 2010) . The fluctuations echo in the availability of food in the country, often with a telling effect on the economy as high financial resources are to be channeled towards securing food to security; which would deprived other economic sectors from development. The instability in rain fed production is largely credited to availability of rainwater, which itself shows wide spatial and temporal variability in both total amounts and distribution.
While agricultural water management has largely succeeded in maximizing rainfall infiltration through soil and water conservation, the challenge of how to cope with dry-spells, short periods of water stress during crop growth, remains largely unsolved (Fox & Rockström, 2003) . This because false planting dates requiring replanting are increasingly common in rain fed areas (Raes et al., 2004) , there is an increasing demand for sowing strategies that minimize risk of total crop failure, such as staggered planting (FAO, 1998; Mpande & Tawanda, 1998) , Such sowing strategies need to consider timing and lengths of crop phonological growth stages. This stem from the sensitivity of early growth stages (establishment phase) to increase in rain water and flooding of seedlings. In contrast, flowering stage is sensitive to water shortage where, in water deficient situations crop tends to shed its flowers.
Atmosphere Globally, about 60% of annual precipitation falling over the land surface isconsumed by ET. Quantification of ET is used formany purposes, including crop production, water resources management, and environmental assessment. In agriculture, accurate quantification of ET is important for effective and efficient irrigation management (Irmak, 2009) . The ET data foragricultural crops has become increasingly important in irrigation as well as in water resources management. It is dependent not only on the meteorological elements, but also on factors relatedto the crop, soil environment and management (Abu-Zeid & Hamdy, 2002) .
Keeping view of the above, it is imperative to enhance the water productivity in agriculture. To accomplish this, there are broadly two options such as: 1) Judicious management of rain water resources by determining and staggering sowing date;
2) To improve productivity at the farm level through better management and use of improved varieties having drought resistance and higher yield potential, and 3) To optimize the use of land resources, and rain fed farming technologies.
All this can be achieved by using appropriate tools to predict water productivity under different rain fall amounts and pattern or deficit water supply approaches for different crops.
The complexity of crop responses to water shortage is the use of empirical production functions as the most practical option to assess crop yield response to water. However, most of the current production functions are developed using regression equations or empirical methods and are purely location specific and these black box models have limited applicability to different crops, locations and management practices. Therefore use of physics based crop simulation models were preferred over the regression equations .
A crop water productivity model AQUACROP was developed by the Land and Water Division of FAO and released for use during 2009 . AQUACROP is a model to simulate yield response to water of several herbaceous crops. It is designed to balance simplicity, accuracy and robustness, and is particularly suited to address conditions where water is a key limiting factor in crop production. The AQUACROP model has been parameterized and validated for simulating crops yield response to water Heng et al., 2009 ). Although AQUACROP is based on complex crop physiological processes, it uses a relatively small number of explicit and mostly intuitive parameters with simplicity and accuracy Raes et al., 2009) . Some of the advantages of AQUACROP are:
1) It is widely applicable with acceptable accuracy;
2) It requires only commonly available input (i.e. climate, soil, and crop and field data);
3) It allows easy verification of simulation results with simple field observations. Increasing cereal crop yields and productivity to keep pace with vagaries of weather and increased future food demand is thus crucial for enhanced food security, incomes and livelihoods (Chauvin et al., 2012) . Production of jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 8; 2017 rain fed grain crops is projected to be negatively affected through projected higher and more variable temperatures, changes in rainfall patterns and increased occurrences of extreme events such as droughts and floods (Burke et al., 2006; Cooper et al., 2008) . Current crop simulation models can be used to capture and quantify the effects of weather extremes, hence compounding on the already existing uncertainty regarding the direction and magnitude of climate change (White et al., 2011; Ramirez-Villegas et al., 2013) consequently our understanding of the impacts on crops and in the timing of crop adaptation strategies such as adjustments of planting dates and choice of crop cultivars Can be improved.
It is thus crucial to understand the uncertainty surrounding sorghum yield variability, but limited information exist in the clay plains of Sudan regarding the response of existing improved sorghum cultivars towards new climatic futures, considering that sorghum is one of the crops promoted under current climate variability and projected climate change.
Of This study was directed to examine sorghum crop yield response and identify the adaptation options in the sorghum based cropping system using simulation modeling.
The studies concerning sorghum yield in different climatic regions were few and timing of sorghum sowing date
was not yet detected. There for this study was conducted with the objective to improve the sorghum yield by set of adaptation options of changes in sowing date using AQUACROP model.
Materials and Methods

The Study Area
The study was collected from five meteorological stations to represent 5 different agro ecological zones located in the north, middle and south of the country (Tables 1 and 2 ). Daily Climate Data (Rain fall, humidity, wind speed, sun shine hours, and max and min temperature) and Sorghum crop yield was collected from the five climatic stations (Dalang, Edamazine, Gedarif, El Obyied, and El Fashir) for the period of 1979 to 2013. According to Emberger method, Eldmazine belong to the sub-humid class. El-Gedarif is classified as semi-arid and the remaining stations are classified as arid.
The semi-arid zone can be represented by the climate data of El Obyied, Nyala, Abu Naama (Umm Benin) and Gedaref (Figure 1 ). The dry monsoon zone can be represented by the climate data of Damazin and Kadugli (Figure 1 ).
Rain-fed agriculture is generally confined to areas where the climate can be categorized as "semi-arid", with mean annual rainfall of 300-600 mm in the north, and "dry monsoon" with mean rainfall of 600-850 mm in the south. 
Input Data (1) Model Parameters and Input Data
Weather Data: The weather data required by AQUACROP are the daily values of minimum and maximum air temperature, ETo, rainfall and solar radiation Steduto et al., 2009) . The standard procedure is to calculate daily reference evapotranspiration (ETo) following the FAO Penman-Monteith equation (Allen et al., 1998) .
Soil Data: The required input soil parameters for AQUACROP are the saturated hydraulic conductivity (Ksat), volumetric water content at saturation (θsat), field capacity (θFC), and permanent wilting point (θPWP).These parameters were derived from field measurements.
Crop Yield Data: During the 1979-2013 seasons, actual field reported yield data was collected from the data bank of Federal Ministry of Agriculture for Sorghum crop in each one of the 5 cities.
AQUACROP requires identifying generic growth stages of time to emergence, maximum canopy cover, start of senescence, and maturity. For the purpose of AQUACROP simulation, time to emergence, maximum canopy cover, and start of senescence were based on field observations. (2) Simulation Data (i) Simulation period (linked to growing season); (ii) Initial condition: Initial soil water content, soil layer thickness, soil salinity (specified for specific layer).
Input Data
All these input data were used in the model to predict the yield, water productivity, and harvest index of a given crop. However, the model should be calibrated and validated using the data acquired from field experiments for its further use.
Data Analysis: AQUACROP Yield Prediction Model
AQUACROP is a crop water productivity model developed by the Land and Water Division of the Food and Agricultural Organization (FAO) . It simulates yield response to water of herbaceous crops and is particularly suited to address conditions where water is a key limiting factor in crop production (FAO, 2009) . The model does not take into consideration such factors like pests, diseases and weeds. AQUACROP requires the following input data: daily weather data (air temperature, reference evapotranspiration and rainfall), soil texture data (sand, clay, loam, in %) and crop parameters (initial, final and rate of change in %; canopy cover; initial, final and rate of deepening in root depth; biomass water productivity; harvest index; typical management conditions such as irrigation dates and amounts, sowing and harvest dates, mulching, etc). If daily climatic data is not available, 10-day and monthly data can be used as input. Details of the crop model that include: phenology, growth and water balance are contained in FAO (2009). jas.ccsenet.org
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Results and Discussions
Determining the Optimal Planting Date
Adjustment of sowing dates for sorghum as one of the adaptations in future climate change scenarios was tested in the modeling framework through shifting by either bringing forward or delaying sowing within a regular interval (Do-15, Do+15 days) with respect to the baseline case, Do being the normal sowing date. Results from the adjustments are shown in Figure 2 indicate increase in sorghum yields under historical climate when early sowing is considered in almost all stations. Decrease in yield with late sowing may be due to incidence of low early rains (rains coming late). In stations with high rains (Dalang, Damazin and Gadaref) it is preferred to sow early to benefit from the probable early rains. These results are in agreement with Rinaldi (2004), Heng et al. (2007) , and Asseng et al. (2008) who used AQUACROP to determine the optimal sowing date in relation to initial soil water to maximize wheat grain yields. Figure 3 indicate that there is however a trend towards higher inter-annual variability, i.e. more years with high or low yields. Stations with high rain fall (Damazin, Gadaref and Dalang) show little variations in inter-annual yields but with a tendency towards high yields. Contrastingly, El Obyied and El Fashir show wide variations in yields and a trend towards lower yields. These results seem to suggest that depending on the onset of rain fall, adapting sowing dates may be effective in counteracting adverse climatic effects as shown by the slight increases in median yields compared to yields from baseline. However the erratic nature of rainfall, characteristic of semi-arid areas (which unfortunately cannot be captured by the model) tend to shorten the planting window, such that a delay of two weeks in sowing may cause significant reduction in yields due to shortening of the length of growing period (yield decrease by 43% when sowing date is delayed from 15-July (the recommended date by ARC) to 1st of August. This may be due to effects of initial soil water stored from onset of early summer rainfall can influence early establishment of the crop and can contribute to water use and yield later in the season, in particularly in low rainfall seasons. Vol. 9, No. 8; 2017 (1) The farmers' choice of sowing date can be an important adaptation strategy to climate change and this management options should be considered in climate change impact studies on agriculture.
(2) There is potential to increase farm productivity by better exploitation of the scarce water in the dry season. It may be possible to increase farm incomes significantly by growing high value short-duration crop cultivars through improving water utilization efficiency by early crop planting to better use of early season soil water.
